Introduction
We have shown that the reflection wavelength could be shifted proportionally to the curvature on an asymmetric single-mode grating fiber fabricated by anisotropic etching (1) . Applying bending stress to this fiber is equivalent to inducing longitudinal stress in the fiber core, which alters the grating period and effective refractive index. This paper describes a bend sensor that consists of a serial arrangement of two FBGs with two different reflection center wavelengths and similar asymmetrical cross sections with different etching faces on an independent single-mode fiber. This method has the potential to measure bend direction and degree of curvature simultaneously of an independent optical fiber without using any other structures. Figure 1 shows a serial arrangement of two FBGs with two different reflection center wavelengths and similar asymmetrical cross section with different etching faces for use as a bend sensor. The two 10-mm-long FBGs, with a separation of 10 mm, were named FBG-A and FBG-B. One side of each FBG's cladding was etched in the different direction at almost 90° to each other along a length of over 40 mm within 14 µm of the core. The bend direction was defined relative to the original orientation when the fiber was bent in the same direction as the etched surface for FBG-B. To enhance the detectability of the bend direction and degree of curvature, fabricating a serial arrangement of two FBGs with different reflection center wavelengths and different etching faces was designed. Figure 2 shows the experimental setup. Broadband light from the amplified spontaneous emission (ASE) light source was incident on the input port and it passed through an optical circulator before reaching the grating fiber. Light at the Bragg wavelength was reflected and extracted at the optical circulator. Spectra of the reflected light were measured for various curvature radii on a flat in-plane bend using an optical spectrum analyzer. Figure 3 shows the shift in the center reflection wavelength as a function of bend direction under constant bend feeder displacement of 3.0 mm. This experimental shift was about 26% for FBG-A and 20% for FBG-B larger on average than theoretical values calculated from a strain of the core in etched optical fiber. Although this sensor wasn't bent alone with a constant curvature by discontinuous change being in cross section, it could be used to detect both the bend direction with measurement accuracy of within 5° and the degree of curvature with measurement error of within 10%.
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(1) H. Kumazaki, K. Nakashima, S. Inaba, and K. Hane : "Tunable wavelength filter through bending control of asymmetric single-mode grating fiber", Optics Express, Vol.10, No.11, pp.469-474 (2002) Recently, further miniaturization of AT-cut quartz resonators while maintaining a Q-factor has been required for RF and high-sensitivity devices. To achieve a high Q-factor and enough high mass productivity, we have proposed a novel resonator shape, the surface in which is machined as a three-dimensional stripe-like structure. This shape is called quasi-convex. In the present study, to verify the effectiveness of the quasi-convex resonator design, we develop a prototype of the quasi-convex resonator using MEMS fabrication technology. Figure 1 shows a simplified 3-D FEM model of the quasi-convex resonator. The simulation results of displacements of the thickness shear (TS) mode in the X direction are shown in Fig. 2 . For height ratio H/H 0 = 0%, the spurious coupling of a high-order thickness flexural mode appear as superposed waves in the displacement of the TS mode. As H/H 0 increases, this spurious coupling decreases, and the X-displacement is concentrated in the domain of the quasi-convex pattern. Moreover, the energy trapping increases in proportion to H/H 0 in the Z' direction, even if the weight distribution of the quasi-convex pattern is only in the X direction. Thus, we can consider that the current striped pattern is suitable for achieving the desired level of energy trapping. Next, for optimizing the range of pitch P, its relationship with the coupling intensity of the spurious modes superposed on the TS mode is investigated. From the simulation results, the minimum necessary condition of P to imitate the characteristics of a plano-convex resonator is determined.
The resonance characteristics of the fabricated quasi-convex resonators (P = 40 and 100 µm), which are not hermetically sealed, were measured in air at room temperature. For both quasi-convex resonator models, the maximum Q-factor is obtained at H/H 0 = 2%. In the H/H 0 ≤ 2-µm range, the Q-factor increases with increasing H. Thereafter, the Q-factors tend to decrease. This trend could be attributed to the increase in surface roughness of the quartz wafer due to DRIE. In addition, the model with a large P has a greater Q-factor than that with a small P. This tendency different from a simulation result could be attributed to patterning error due to over-etching during the metal-mask patterning, and it can be explained by the simulation results on the basis of observed length of over-etching. Table 1 presents a comparison of the resonance characteristics of the plane and quasi-convex resonators measured in a vacuum chamber. The Q-factor of the optimum-design quasi-convex resonator is more than three times greater in air and more than seven times greater in vacuum than the Q-factor of the plane resonator. In addition, the influences of friction on the Q-factors are compared. As a result, the energy loss due to friction (Q friction ) -1 of the quasi-convex resonator is slightly higher than that on the plane resonator. However, this difference can be considered as a negligible because it is only 1.2% after conversion into the Q-factor under atmospheric pressure.
In conclusion, we can conclude that quasi-convex shape is an effective design for realizing a miniaturized quartz resonator with a high Q-factor. 1. Introduction A self-powered plant-health-monitoring sensor powered by a sap-activated battery that consists of two different kinds of metal electrodes and is activated by the sap of a vascular plant has been developed as an application for wireless biosensor networks. The battery consists of a galvanized iron nail inserted into a tree trunk and a stainless-steel electrode planted in the soil nearby. It outputs on the order of 1 µW of power. An intermittent-power-supply circuit with a divided-power-line structure, which separates the power line of a storage capacitor while it is discharging, makes it possible to charge the capacitor with an input power of around 1 µW and to supply power to a wireless transmitter with a power dissipation of a few milliwatts. To verify the effectiveness of the circuit scheme, a prototype sensor was fabricated and tested on a potted pachira tree. The sensor was able to transmit a signal about every 40 minutes over a distance of 5 m. We verified that the variation in the interval between transmitted signals depended on the water content of the soil around the tree.
There are two requirements that will enable the voltage detector to operate on the power from a sap-activated battery:
(1) The voltage detector must operate at the nanowatt power level.
(2) The power line of the voltage detector must be separated from that of the output load. An intermittent-power-gated supply circuit with a divided-power-line structure (Fig. 1) makes it possible to turn on the power-switch transistor. The circuit consists of a divided-power-line circuit, a large main storage capacitor (C S ), and a power-switch transistor.
The divided-power-line circuit has two nanowatt-power-level voltage detectors and four device components: a pMOSFET (M 1 ), a Schottky diode, an nMOSFET (M 2 ), and a small secondary storage capacitor (C SS ). M 1 , the gate of which is controlled by the first-stage voltage detector, is a switch that separates the power line of the storage capacitor when it discharges. The Schottky diode ensures that the second voltage detector for power gating starts driving the power-switch transistor after the power line is completely separated. M 2 resets the input voltage so that the power-supply circuit starts charging the storage capacitor again after the output load drains almost all the power from that capacitor.
A wireless self-powered plant-health-monitoring sensor system (Fig. 2) consisting of a wireless sensor and a receiver was constructed. When the wireless sensor transmits a signal, the receiver receives it; and the computer screen displays a log of reception times. The sensor system can transmit signals over a distance of 5 m about every 40 minutes. The transmission characteristics of the sensor over four months (Fig. 3) show that the interval between detected signals gradually increases and finally transmission stops when the tree is not watered for some time. Transmission resumes when the tree is watered again. A tactile sensing system that measures multi-axial force in real time has been developed, and its performance has also been evaluated. As a demonstration of active touch sensing, multi-axial force measurement has been performed with the tactile sensor being slipped on the object. Moreover, the performance of the developed sensor is compared with those of other tactile sensors. Figure 1 shows the developed sensing system for the multi-axial force measurement in real time. Triaxial forces are detected as resistance changes of NiCr thin film strain gauge attached to three microcantilevers. Resistance changes of the cantilevers, ΔR/R, are detected as the output voltages of a Wheatstone bridges, which is supplied with a source voltage, V s , of 9 V. The output voltage is converted to digital signal by an A/D converter after amplification and noise reduction. Amplifier gain G and time constant of filter are 1000 and 100 ms, respectively. As the resistance change is extremely small, the output voltage change of one cantilever, ΔV, is expressed by the following equation:
and is considered to be expressed by a linear combination of normal and shear forces as
where k x , k y and k z are coefficients showing the sensitivities of the cantilever to the forces, F x , F y and F z , respectively. The outputs obtained from three differently directed cantilevers, ΔV m (m = 1, 2, 3), ΔV have different sensitivities to force along each axis and are expressed using a sensitivity matrix K and force
Thus, once the coefficients k mx , k my and k mz (m = 1, 2, 3) are obtained in a test measurement, the normal and shear forces, F can be calculated by solving simultaneous equations with the three output voltage changes, ΔV,
Triaxial forces are calculated by a computer program written in Lab-VIEW (National Instruments) from the output voltages of the three < 4% < 5% Nonlinearity (Shear force) < 10% < 5% Force resolution (Normal force) < 40 mN < 5000 mN Force resolution (Shear force) < 20 mN < 1750 mN Sensing area 2.1 mmφ 10 mmφ cantilevers. The maximum sampling frequency of the proposed system is 500 Hz. Characteristics of developed sensor are compared with those of tactile sensor reported by other researcher (T. Liu et al. IEEE Sensors Journal, Vol.9, No.9, pp.1103 -1110 (2009 ) as shown in Table 1. Proposed tactile sensor shows high force resolutions and has smaller sensing area than the other one. Calculation of Eq. (4) is so simple that sampling frequency is enough high (500 Hz at the maximum) to the active touch sensing like human. Moreover, characterizations of high force resolution (40 mN in normal force, 20 mN in shear force) and small sensing area (2.1 mmφ) are suitable for the active touch sensing. Recently, bio-assay devices focusing on the single molecule level have been widely studied. For example, a sensor chip to detect enzymatic reactions and a separation chip for DNA molecules have been reported. These chips have been fabricated by bonding two substrates to create a closed channel structure. When the channel size decreases to the single-micrometer or even sub-micrometer scale, perfusion of assay solutions becomes difficult because of the drop in pressure. Therefore, most bio-assay devices employ a one-time liquid injection into a channel, and molecular manipulation is achieved by applying a voltage. To explore new molecular manipulation methods, we utilized a motor protein, kinesin, as a bio nanoactuator. Kinesin interacts with microtubules and generates a mechanical force by hydrolyzing a chemical energy source, namely, adenosine triphosphate (ATP). Because of their small size (several tens of nanometers), kinesin enables direct transport of molecules in microfluidic channels without the need for liquid manipulations, which has the potential to overcome the problem of pressure drop in small channels.
Fabrication of a Perfusable Glass
Most motor protein assays reported thus far have been achieved using the conventional flow cell format, assay techniques in channels fabricated using the glass bonding technique are limited. Therefore, there are few reports on the evaluation of the bonding process including substrate cleaning, dehydration bake, and the coating conditions of the adhesion solution, although these processes are known to be critical in fabricating leak-free channels. Evaluation and optimization of these processes will improve the yield of both the glass bonding process and channel fabrication. Another issue is the perfusion method for creating the motor protein assay in channels. As most assays reported using a flow cell, it was not difficult to perfuse multiple solutions. However, both the high viscosity of protein solutions and the pressure drop make it difficult to perfuse solutions. Although pressure-driven flow has been reported as a method of exchanging solutions, the method has not been studied in sufficient detail to allow optimization of the perfusion conditions.
In this report, we propose a microfluidic device made of fused silica substrates and an optimized assay procedure for the device to reconstruct a motor protein system as shown in Fig. 1 . The fabricated device is created using photolithography method and bonding techniques to realize a minimum channel size of 4 µm in width and 2 µm in depth. The glass bonding process achieves good reproducibility by optimizing conditions. The optimum conditions consist of the following three steps: 1) cleaning in the piranha solution at 180°C for 2 h, followed by nitric acid with ultrasonic agitation for 30 min. 2) a dehydration bake at 120°C for 5 min, and 3) spincoating of 10-wt% sodium silicate at 4000 rpm for 30 s following the first spinning at 500 rpm for 10 s. Kinesin, microtubules, and ATP solutions must be perfused sequentially to perform the gliding assay. We used a pressure-driven flow for the perfusion. The 10 kPa for 1.5 h condition realized microtubule gliding in the channel. Fig. 2 shows sequential fluorescent images of gliding microtubules under an applied electric field. We tracked three microtubules gliding out from the injection channel, their x and y coordinates are plotted in Fig. 3 . The average curvature of the microtubule trajectory is measured at 5.7 ± 2.8 µm (N = 3) at an electric field of 5 kV/m. The proposed device might have applications in micro total analysis systems. 
